Introduction: Type 2 diabetes represents a significant public health issue, with increasing prevalence in developing countries while adherence to insulin treatment remains a challenge. No studies have evaluated the relationship between adherence to insulin, diabetesrelated distress, and trust in physician among persons with diabetes. Our objectives were to evaluate treatment adherence to insulin,
INTRODUCTION
Every 6 s, a person dies in the world because of diabetes [1] . According to the latest report of the World Health Organization (WHO), type 2 diabetes (T2D) will be the seventh leading cause of death by 2030 [2] . Also, T2D presents a particularly high prevalence in both the Middle East and North Africa; among these regions, Lebanon occupies seventh place with a rate of 16.3% [1] .
According to the WHO, adherence to treatment may be defined as the extent to which the patient's history of therapeutic drug-taking coincides with the prescribed treatment [3] . Adherence to treatment remains a challenge in T2D since it is a chronic illness that is associated with a risk of comorbidity and requires a lifestyle change, especially after the onset of insulin therapy [4] .
Even though insulin remains the most effective therapy to lower glycemia, the American Diabetes Association and the National Institute for Health and Clinical Excellence (NICE) guidelines recommend using insulin as a last resort, after several failures to achieve glycemic control with an oral glucoselowering agent [5] [6] [7] .
Low insulin adherence leads to poor glycemic control and may exacerbate microvascular and macrovascular complications such as kidney disease, dyslipidemia, stroke, retinopathy, nephropathy, and neuropathy and may increase episodes of hypoglycemia [8] . In fact, 45% of patients with T2D fail to achieve a good glycemic control [6] .
Furthermore, according to several studies, diabetes may cause emotional distress which probably has an influence on medication adherence. Emotional distress is associated with depression, patient fears, and a lack of social and family support [9, 10] .
In addition, trust in the healthcare provider is one of the central pillars of a patient-physician relationship. Previous studies conducted among adults with diabetes showed that increased trust in one's physician has been associated with better glycemic control [11, 12] . The quality of information exchange and of primary care relationships are affected by the patient and provider communication behaviors [13] . In the short term, communicating with the patient can enhance trust in the physician, who will be able to incorporate treatment decisions according to the patient's preferences and needs [13] . In addition, Schoenthaler et al. suggested that the quality of the patient-physician relationship has a strong influence on adherence to medication [14] . A better relationship contributes to the patients' engagement in their care, which further influences outcomes related to self-care [15] . Conversely, when patients do not have confidence in their healthcare provider, they are less likely to implement care recommendations and thus to be adherent to their prescribed treatment [16] .
Previous findings have suggested that high levels of diabetes-specific distress may account for higher functional impairment, work loss, and poorer self-management behavior [17] [18] [19] . Decreasing emotional distress is important in helping the patient with diabetes to cope with the disease and improving adherence to treatment [3] . Furthermore, Fisher et al. [20] identified seven major sources of distress among patients with type 1 diabetes, among them physician distress. This finding led us to hypothesize that trust may be a factor that contributes to physician-related diabetes distress, in type 1 as well as type 2 diabetes.
Several studies have been conducted to detect factors associated with insulin adherence worldwide [21] [22] [23] , but none explored the impact of trust in physician and diabetes-related emotional distress on adherence to insulin. The primary objective of this study was to assess factors associated with insulin adherence among Lebanese patients with diabetes and to explore the relationship between this adherence, the patients' trust in their healthcare provider, and diabetes-related emotional distress.
METHODS

Study Design and Population
This cross-sectional study, conducted in all districts of Lebanon, was done between August 2016 and April 2017. Our sample was constructed from 20 community pharmacies selected randomly. Adult patients from any gender, with type 2 diabetes diagnosed at least 3 months ago, and treated with insulin or insulin analogues were eligible. Patients using an insulin pump were excluded.
Data Collection
The questionnaire was distributed by trained interviewers. After obtaining the authorization from each pharmacy owner, the study objectives were explained to each patient after obtaining a written consent.
The self-administered anonymous questionnaire was in Arabic, the native language in Lebanon; it was composed of different sections: the first part included sociodemographic (age, gender, place of residence, marital status, and educational level), social habits (cigarette and waterpipe smoking, alcohol consumption), physical activity, family history of diabetes, duration and complications of diabetes. The second one comprised questions about insulin: name, dose, frequency of administration, shaking the vial or not before withdrawing, respecting the time of administration, storage, changing the needle after use, respecting the expiry date of the vial after opening; we also included questions about the level of patient's fasting blood glucose (in the last checkup), the frequency of monitoring, the number of hypoand/or hyperglycemia episodes during the last 12 months.
The scales used in this study (adherence, trust in physician, and PAID) were translated from English to Arabic through an initial translation and back-translation process. The English version was translated into Arabic by a certified translator, then this translation was translated again into English by another certified translator. Upon completion of this process, the translators compared the English versions of the scales to determine whether the variables had the same meaning. The back translation did not lead to any modification in the Arabic version of any scale.
Adherence Assessment
The adherence to insulin was assessed using an adaptation of Lu et al.'s questionnaire [24] by asking the patients about the frequency, percentage, and rating response of their insulin use during the last month. Concerning the frequency, we asked the patient ''did you take insulin all the time?'' with the possible responses being divided as follow: 0% for none of the time, 20% for a little of the time, 40% for some of the time, 60% for a good bit of the time, 80% for most of the time, and 100% for all the time. The percentage item was checked using the question ''what percent of the time were you able to take your medications exactly as your doctor prescribed them?'' The rating item was assessed using the question ''rate your ability to take all your medications as prescribed'' with the possible answers being divided as follows: 0% = very poor, 20% = poor, 40% = fair, 60% = good, 80% = very good, and 100% = excellent. The total score was calculated by summing all three answers and presented in a percentage [24] [25] [26] . We calculated the reliability of each scale to assess the quality of our data. We obtained acceptable Cronbach alpha (0.621). Initially, the Lu et al.'s questionnaire was validated among patients with HIV and was later used in a population of patients attending general practice [26] .
Trust in Physician Scale
This scale is composed of 11 items (supplementary file), scored on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), except for questions 1, 5, 7, and 11 where the scoring was reversed. A summary measure of trust is obtained by taking the unweighted mean of the responses to the 11 questions and transforming that value to a 0-100 scale. Higher scores reflect greater trust. The wording of the 11 questions and the scoring system for each question are presented in Table 1 . This scale was largely used among different participant populations and across a wide range of pathologies [27] [28] [29] [30] . When completing the scale, respondents were instructed to think of the endocrinologist who usually provided their diabetes care [31] . We obtained high Cronbach alpha for this scale (0.892).
Problem Areas in Diabetes Questionnaire (PAID)
The PAID measures diabetes-related emotional distress, which correlates with measures of related concepts such as depression, social support, health beliefs, and coping style, as well as predicts future blood glucose control of the patient [32] . The PAID is a self-report pencil and paper questionnaire that contains 20 items that describe negative emotions related to diabetes 
RESULTS
Sociodemographic Characteristics of Patients
The total number of patients included in this study was 135 patients. The main sociodemographic characteristics of patients are presented in Table 2 .
Data Related to Clinical Characteristics of Diabetes
The mean duration of diabetes, since diagnosis, was 229.50 months (more than 19 years). Seventy-one percent of patients had a family history of diabetes and 88% were followed by a specialist in endocrinology. Ninety-three percent of patients in this study had comorbidities with an average of two concurrent medical conditions associated with diabetes. The results are shown in Table 3 .
Data Related to Insulin Therapy
Information regarding insulin therapy is summarized in Table 4 . Six different patterns of insulin administration were observed. Most patients, about 76%, used the regimen based on the administration of a basal insulin alone or a basal insulin and bolus premix. The remaining patients were on other regimens. The majority of patients (79%) used insulin pens. Thirteen percent of the patients were well controlled with an HbA1C \ 7%. Forty-nine percent were considered to be reasonably controlled with an HbA1C between 7% and 8%. Thirty-five percent were poorly controlled (HbA1c [ 8%) .
Concerning the patient's education, 88% of the patients gave a correct answer when asked about the normal range of fasting blood glucose and 84% knew the target levels of HbA1C that provide a good diabetes control (HBA1C \ 8%). Furthermore, 63% of these patients were practicing a self-glucose monitoring test with an average frequency of once a day.
Average Scores Obtained for Trust in Physician Scale, PAID, and Adherence to Insulin
The mean trust in physician score was 73.35 ± 20.38 (median = 75), whereas the mean PAID and adherence scores were 32.75 ± 29.37 (median = 22.41) and 79.7 ± 19.94 (median = 87.5), respectively.
Bivariate Analysis
A significantly higher mean adherence score was found in non-sedentary (81.96) compared to sedentary patients (67.41). A significantly higher PAID score was found in female compared to male patients (37.27 vs 28.11), in sedentary compared to non-sedentary patients (42.38 vs 30.96). A significantly higher mean trust in physician score was found in illiterate patients (78.66) compared to other levels of education, and in those who smoked below three waterpipes weekly (55.35) compared to other groups (Table 5) .
Furthermore, a significant negative correlation was found between the trust in physician score and the PAID score (r = -0.289) and a positive one with the adherence score (r = 0.416). A significant negative correlation was found between the PAID score and the adherence score (r = -0.3), duration of diabetes since diagnosis (r = -0.172), and the duration of insulin therapy (r = -0.239) ( Table 6 ).
Multivariable Analysis
The results of a first stepwise linear regression, taking the trust in physician score as the dependent variable, showed that a secondary level of education was significantly associated with a decrease in the trust in physician score (beta = -13.48), whereas the total number of oral antidiabetics was significantly associated with an increase in that score (beta = 0.93). A second stepwise linear regression, taking the adherence score as the dependent variable, showed that having a sedentary lifestyle (beta = -12.739) and smoking less than three waterpipes per week compared to no waterpipe smoking (beta = -16.826) were significantly associated with a decrease in the adherence score.
A third stepwise linear regression, taking the PAID score as the dependent variable, showed that female gender (beta = 10.467), smoking less than three waterpipes (beta = 27.426), and three or more waterpipes weekly (beta = 17.951) compared to no waterpipe smoking were significantly associated with an increase in the PAID score (Table 7) .
DISCUSSION
To the best of our knowledge, our study is the first to assess the adherence of patients with diabetes type 2 to their insulin treatment and the factors associated with this adherence, in Lebanon. Adherence to treatment is a key element in the management of diabetes to firstly ensure good glycemic control and also to reduce or delay the onset of microvascular and macrovascular complications of diabetes. Our study showed a highly significant association between the degree of patients' trust in their doctor and treatment adherence. The greater the degree of confidence, the greater adherence to insulin. This result is in agreement with the study by White et al. (2013) which showed that adherence to therapy is directly proportional to the degree of patient trust in the doctor [12] . In a cross-sectional diabetes study, older patients' evaluations of how well their physicians provided information on their illness and treatment were associated with patient self-reported medication-taking behaviors [33] . A study in the Kaiser Permanente population found that a greater proportion of patients who failed to initiate insulin felt that their healthcare providers inadequately explained the risks and benefits of insulin, compared to those who initiated insulin [34] . More patient counseling by healthcare professionals is needed to educate the patient about the possible side effects that might occur with insulin treatment and most importantly about the efficacy of insulin [34, 35] . Emphasizing the advantages of insulin treatment at the time of prescribing, as well as explaining the probability of an adverse side effect happening and its Our results demonstrated that the degree of patients' trust in their physician was negatively associated with the diabetes-related distress, in line with previous findings [36] that showed that the physician effective communication behavior and a higher trust in him, as reported by the patient, were inversely related to emotional distress among patients with diabetes [37] . Some interventions might be used to increase the patient's trust in the physician; these include training interventions to improve physician behavior or providing the patients with more information about their treatment and giving them a chance to discuss options [38] .
Furthermore, this study showed a significant negative association between adherence to insulin and the patient's distress. Emotional distress was associated with poor adherence which is consistent with previous studies [39, 40] . Negative, ''blocking'' thoughts adversely impact the persons' self-care behavior, thereby unintentionally reinforcing a negative cycle of events, which can ultimately lead to a condition referred to by Polonsky as ''diabetes burnout'' [41] . Emotional and social support were shown to increase medication adherence in diabetes [42] by increasing the patient's active coping behavior [43] . Stronger social support from family, friends, and communities could cultivate positive mental and emotional changes. It strengthens patients' resolve, belief, and confidence in managing their condition, and improves their quality of life [44] .
Inactivity was found in our study to decrease the adherence to insulin score, in agreement with previous studies [45] . Physical activity plays a vital role in the self-management of T2DM and exercise is the best predictor of maintaining weight, and can decrease insulin resistance [46] . Fear of hypoglycemia is one of the factors that could prevent the patient from performing any physical activity. In the present study, participants with a higher awareness of hypoglycemia risk were more prone to reduce their physical activity. This is consistent with the finding of the study done in Scotland which stated that main reason for inactivity is due to fear of hypoglycemia [47] .
A secondary level of education was negatively associated with a decrease in the trust in physician score. This might be explained by the fact that patients with higher educational attainment are more involved in the medical decision-making process and verify the credibility of information provided by their physician and sometimes explore options beyond what is given during their medical visit [48] . Smoking waterpipe was negatively associated with adherence to treatment but positively associated with the diabetes-related distress, in line with the study by Solberg et al. [49] who found that smokers with diabetes report more sadness or depression compared to non-smokers with diabetes [49] . Waterpipe smoking being associated with a decrease in adherence to treatment is similar to the findings of Ciechanowski et al. [50] but opposite to those of Solberg et al. [49] .
This study also showed that patients who do not have a family history of diabetes were more adherent to insulin than patients with a family history of diabetes, in agreement with the findings of Riaz et al. [45] . This can be attributed to the higher vigilance of these patients about their disease and the fear of future complications and their impact on their quality of life. On the other hand, our study showed no association between adherence and gender, age, diabetes duration since diagnosis, and the patient's level of education, consistent with several previous studies [23, [51] [52] [53] .
Limitations
Our study has a number of limitations. The total sample size is small and might not be representative of the whole population. This is a cross-sectional self-designed survey with retrospective reports, and consequently a low level of evidence. The effect of the recall bias could be differential and lead to the overestimation of effects for some known risk factors. An information bias is also possible since the use of a questionnaire may not always be accurate: problems in question understanding, recall deficiency, and over-or underevaluating symptoms may still be possible. In addition, the cost of medications, a factor known to affect adherence, was not taken into consideration even though we think that it may not have been a strong bias in this study because 88% of the patients had either private insurance or social security paying for their medications. 
ACKNOWLEDGEMENTS
Funding. No funding or sponsorship was received for this study or publication of this article. The article processing charges were funded by the authors.
Authorship. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.
Thanks. The authors would like to thank all the participating pharmacies and patients.
Disclosures. Lucine Halepian, Mary Bou Saleh, Souheil Hallit, and Lydia Rabbaa Khabbaz have nothing to disclose. All authors meet the criteria for authorship and no deserving authors have been omitted.
Compliance with Ethics Guidelines. The study protocol was approved by the ethics committee of Saint-Joseph University of Beirut (reference number: USJ-2016-55). All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional research committee of Saint-Joseph university of Beirut and with the 1964 Declaration of Helsinki and its later amendments. Informed consent was obtained from all individual participants included in the study.
Open Access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits any noncommercial use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
